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DESCRIPTION 
HMl . ^d-TTTTT.T ^TNH P A NCER VACCINES - : 

Technical Field 
5 The present invention relates to a cancer vaccine 

utilizing a cancer antigen HMl. 24, more particularly a 
cancer vaccine utilizing a dendritic cell which has been 
pulsed by an HM1.24 or into which an HMl ♦ 24-encoding gene 
has been transduced. 

10 Background Art 

An HMl. 24 is a type II transmembrane glycoprotein 
identified as a myeloma-specific antigen, and is expected 
to be a target molecule in the immunotherapy of multiple 
myeloma as well as other cancers where the tumour cells 

15 express HMl. 24 antigen. In order to generate a protective 

anti-tumour response, an efficient presentation of an 
appropriate cancer antigen is required. A dendritic cell 
is one of the most efficient antigen-presenting cells, 
capable of priming a naive T cell, and inducing both a 

20 CD4 T helper cell response and a CD8 cytotoxic T cell 
response. Hence dendritic cells are ideal antigen- 
presenting cells for use in cancer immunotherapy . 
However, it has not become possible that a dendritic cell 
is employed as an antigen-presenting cell for an HMl. 24 

25 antigen to stimulate a T cell whereby generating a 

cytotoxic T cell and exerting damage on a cancer cell. 
Disclosure of the Invention 

Accordingly, an objective of the invention is to 
provide a novel type cancer vaccine by generating 

30 cytotoxic T cells via utilization of dendritic cells as 

antigen-presenting cells for the HMl. 24 antigen. The 
invention also provides a cancer vaccine containing as an 
active ingredient an HMl. 24 protein or peptide itself. 
Furthermore, the invention provides a cancer vaccine 

35 containing as an active ingredient a DNA or an RNA 

encoding an HMl. 24 protein or peptide. 

Thus, the invention provides a cancer vaccine 
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containing as an active ingredient the dendritic cell 
which has been pulsed by HM1.24 antigen, or into which an 
HM1 . 24-encoding gene has been transduced. Such an HM1.24 
antigen may be an HM1.2 4 protein or an HM1.2 4 peptide, 
5 preferably a soluble HM1.24 peptide. 

The invention also provides a cancer vaccine 
containing as an active ingredient an HM1.24 protein or 
an HM1.2 4 peptide. This HM1.24 peptide is preferably a 
soluble HM1.24 peptide. 

10 The invention also provides a cancer vaccine 

containing as an active ingredient an HM1 . 24-encoding DNA 
or RNA. This DNA is preferably a cDNA. 
Brief Description of the Drawings 

Fig. 1 is a graph showing the levels of the 

15 inter feron-gamma production by T cells stimulated by 
dendritic cells pulsed with HM1.24 protein or non- 
stimulated naive T cells when such T cells were incubated 
in the presence of an HM1 . 24-loaded peripheral blood 
mononuclear cells (target cell), autologous tumour cells 

20 or other control cells. 

Fig. 2 is a graph showing the cumulative results of 
interf eron-gamma production by T cells from 5 patients in 
an ELISpot assay. These T cells have been stimulated by 
dendritic cells pulsed with HM1.24 protein. 

25 Fig. 3 shows a process for carrying out flow 

cytometric-based cytotoxicity assays. 

Fig. 4 shows cytotoxic activity of CTL generated 
against HM1.24. It shows background cell death of the 
autologous tumour cells, or plasma cells (PC) and 

30 allogeneic PC. 

Fig. 5 shows cytotoxic activity of CTL generated 
against HM1.24. It shows specific killing by cytotoxic T 
lymphocytes (CTL) generated against HM1.24 of the 
autologous PC compared with allogeneic PC. 

35 Fig. 6 shows cytotoxic activity of control CTL. It 

shows background cell death of the autologous PC and 
allogeneic PC. 
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Fig. 7 shows cytotoxic activity of control CTL. It 
shows killing by control CTL of the autologous PC and 
allogeneic PC. 

Fig. 8 shows that cytotoxic activity of CTL 
5 generated against HM1.24, against autologous plasma cells 
is blocked by an anti-Class I antibody. 

Fig. 9 shows cytotoxicity of CTL generated by co- 
culture and re-stimulation with HM1.24 loaded DC. 

Fig. 10 shows CTL assay on T cells generated by co- 
10 culture and re-stimulation with HM1.2 4 loaded DC. 

Fig. 11 shows CTL assay on Patient 03 , showing 
target specificity, effector specificity, Class I 
dependence and blockade with Concanamycin A. 

Fig. 12 shows that autologous DC transfected with 
15 HM1.24 plasmid express HM1.24 protein as detected by FACS 

assay. 

Fig. 13 shows CTL assay on patient 04, showing 
effector specificity, target specificity and that killing 
of autologous PC is blocked by the presence of HM1.24- 

2 0 expressing autologous DC which are acting as "cold" 

competitors . 

Fig. 14 shows CTL assay on patient 05, showing MHC 
Class I dependence, target specificity and HM1.24 
specificity . 

25 Best Mode for Carrying Out the Invention 

The invention relates to a cancer vaccine containing 
as an active ingredient an antigen-specific dendritic 
cell which has been pulsed by an HM1.24 antigen, or into 
which an HM1 . 24-encoding gene has been transduced. 

3 0 In an experimental animal, a higher immune response 

can be obtained by administering a dendritic cell into 
which an antigenic peptide or gene has been introduced 
rather than by administering the peptide or gene 
directly. As a method for expressing a high level of a 
3 5 cancer antigen in a dendritic cell, in vitro loading by a 

peptide or protein or DNA or RNA transduction is carried 
out. An immature dendritic cell is employed for the 
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incorporation of a protein or an RNA that requires 
antigen processing, while a mature or dendritic cell 
activated for example by a CD4 0-ligand is employed for 
loading the peptide ♦ 
5 While an RNA or DNA can be transfected at a low rate 

into a dendritic cell, efficient transduction requires 
the use of a viral vector. It is also possible to use a 
method in which a cancer antigen is transduced into a 
CD34+ cell using a viral vector whereby effecting the 

10 differentiation into a cancer antigen-expressing 

dendritic cell after incubation in the presence of a GM- 
SF or a TNF-a. 

A Dendritic cells are generally a cell population 
having a dendritic process serving as an auxiliary cell 

15 upon initiation of an immune response, which is derived 

from a bone marrow and in a close relationship with a 
macrophage, but has no phagocytic ability, and is 
distributed widely over the interstice of many organs, 
especially in a lymph node or spleen T cell region, and 

20 serves as an antigen-presenting cell for a helper T cell. 

The dendritic cell, in the context of the present 
invention, is considered to be involved in stimulating 
the differentiation of naive T cells into cytotoxic T 
cells when being pulsed by an HM1.24 protein or peptide. 

25 A similar effect is obtained also when an HM1 . 24-encoding 

gene has been transduced into a dendritic cell. 

A dendritic cell employed for producing an inventive 
cancer vaccine is separated directly from peripheral 
blood by specific gravity centrif ugation or derived from 

30 a precursor cell for example by cytokines. In a direct 

separation by the specific gravity centrif ugation, a 
peripheral blood is subjected to an apheresis, from which 
a dendritic cell is separated by the specific gravity 
centrif ugation and prepared. This method requires no 

35 cytokines and is less time-consuming. In this case, a 

mature dendritic cell is obtained and the degree of the 
maturity cannot be controlled. When being derived by a 
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cytokine, a precursor cell may for example be a 
peripheral blood mononuclear cell adhesive cell fraction, 
a peripheral blood monocyte, i.e., CD14+ cell, or a 
myeloid or peripheral hematopoietic precursor cell, i.e., 
5 CD34 + cell. 

As used herein, the expression that a dendritic cell 
is "pulsed" by an HM1.24 means that the HM1.24 protein or 
peptide is brought, alone or in combination with a 
pharmaceutical^ acceptable carrier such as a liposome, 

10 into contact with the dendritic cell over a predetermined 
period under a predetermined condition, and the time 
period of the contact may for example be several minutes 
to several days, and the condition and the method of the 
contact may be in accordance for example with those 

15 described in Chirava-Internati , M. et al., Blood (2002) 
100, p. 961 to 965 (proteins), Thuner, B. et al., J. Exp. 
Med. (1999), 190, p. 1669-1678 (peptides). 

In the invention, a method for transducing an 
HM1 . 24-encoding gene into a dendritic cell can be 

2 0 accomplished by transducing a DNA (preferably cDNA) or 

RNA directly or via the insertion into a suitable vector, 
preferably an expression vector capable of functioning in 
a mammal, especially in human. For example, a method 
described in Chiriva-Internati , M. et al., Blood (2002), 

25 100, p. 961-965 can be employed. 

A cancer vaccine containing as an active ingredient 
an antigen-specific dendritic cell which has been pulsed 
by an HM1.24 antigen, or into which an HM1 . 24-encoding 
gene has been transduced can be administered for example 

30 by a procedure in which a dendritic cell is collected 

from a patient, and this dendritic cell is pulsed with an 
HM1.24 protein or peptide as described above or 
transduced with an HM1 . 24-encoding gene as described 
above and subsequently this cell is introduced into the 

3 5 patient described above or other patients. 

The invention further relates to a cancer vaccine 
containing as an active ingredient an HM1.24 protein or 
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an HM1.24 peptide. When using an HM1.24 protein or an 
HM1.24 peptide as an immunogen, it is preferable to use a 
CD4+ T cell recognition antigen in addition to a CD8 + T 
cell antigen, and as such an antigen (helper epitope), a 
5 highly immunogenic exogenous antigen such as a KHL or 

tetanus toxoid is employed, as well as a helper epitope 
of a cancer antigen itself* 

By administering an antigen protein (HM1.24 protein) 
in the form of a granule such as a cholesterol- 

10 polysaccharide complex or a bead, the incorporation for 
example into a dendritic cell is effected, whereby 
enabling CD8+ T cell induction via presentation of 
appropriate immunogenic peptide/s on MHC class I 
molecules. It may also be possible to induce potent CD8+ 

15 T cell activity by using a fusion protein with a 

bacterial heat shock protein with potent adjuvant 
activity. 

This vaccine can contain, in addition to an HM1.24 
protein or peptide as an active ingredient, a 

20 pharmaceutically acceptable carrier, such as an adjuvant, 
for example, a mineral gel such as aluminum hydroxide; a 
surfactant such as lysolecithin and Pluronic polyol; a 
polyanion; a peptide; or an oily emulsion. A liposome 
inclusion, or a polysaccharide, and/or other 

25 agglomerations to be incorporated into the vaccine may 

also be contemplated. 

The invention also relates to a cancer vaccine 
containing as an active ingredient a gene encoding an 
HM1.2 4 protein or peptide. A recombinant virus 

30 containing a cancer antigen gene can induce a potent 

anti-tumour immune response in mice via an intracellular 
high level expression of the antigen. It is also 
possible to coexpress many CTL and helper epitopes, and 
can be used in a wide range of the patients regardless of 

35 the HLA type. Nevertheless, it causes a potent anti- 

viral immune response which leads to a difficulty in 
conducting a repetitive administration, because of which 
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it is preferable to provide a large number of different 
viral vectors in the case requiring a frequent 
immunization such as a cancer. Fat-parasitic bacteria 
are useful as vectors for vaccines since they enable the 
5 loading of the antigens on both of MHC class I and class 

II . 

A direct administration of a DNA has an established 
efficacy when employed as a prophylactic inoculation in 
animals which is regarded as a DNA immunization method. 

10 A non-methylated CpG sequence of a bacterial DNA such as 

a plasmid has an adjuvant activity capable of effecting a 
Thl activation essential for tumour rejection via an IL- 
12 production. A method for immunizing with an antigen 
gene-carrying plasmid via an intramuscular injection or a 

15 gene gun has a low immunizing effect when given in a 

single administration, but it can be administered 
repetitively and is expected to be combined with other 
immunization methods. In order to increase the immune 
efficacy , a fusion protein obtained by binding an epitope 

20 to a leader sequence or by binding an epitope directly to 

an HLA molecule can be employed. 

The gene is preferably a DNA or an RNA, and the DNA 
is preferably a cDNA, and it is inserted into a suitable 
vector, preferably an expression vector capable of 

25 functioning in a mammal, especially in human, and 

subsequently administered to an animal, thereby allowing 
a cancer immune response to be developed. 

A cancer vaccine according to the invention is 
effective especially against a cancer of an organ or a 

30 tissue which expresses HM1.24 antigen, and useful against 

a hematopoietic tumour or a solid tumour. The 
hematopoietic tumour may for example be a leukemia, 
lymphoma, myeloma and the like, and said leukemia may for 
example be acute myelocytic leukemia, chronic myelocytic 

35 leukemia, acute lymphocytic leukemia, chronic lymphocytic 

leukemia and the like, while said lymphoma may for 
example be Hodgkin's disease, T cell non-Hodgkin ' s 
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lymphoma, B cell non-Hodgkin ' s lymphoma and the like, and 
said myeloma may for example be multiple myeloma. 

A solid tumour may for example be cervical cancer, 
small cell lung carcinoma, non-small cell lung carcinoma, 
5 esophageal cancer, breast cancer, stomach cancer, colon 
cancer, rectal cancer, lung cancer, biliary cancer, 
pancreatic cancer, ovarian cancer, uteral cervical 
cancer, uteral corporeal cancer, prostate cancer, kidney 
cancer, bladder cancer, skin cancer, brain tumour, 

10 malignant glioma, pediatric solid cancer, malignant bone 

tumour, and the like. Those which may also be mentioned 
are the metastasis or the metastatic focus of the solid 
cancers described above as well as cancerous pleurisy, 
cancerous peritonitis and cancerous meningitis associated 

15 with the solid cancers. 

The HM1.24 employed in this invention is an HM1.24 
protein, preferably a soluble HM1.24 protein or peptide. 
The soluble HM1.2 4 antigen protein of the invention may 
be any protein as long as it has the amino acid sequence 

20 consisting of the amino acids from Asn in the position 1 

through Gin in the position 132 in the amino acid 
sequence represented by SEQ ID No. 5 and has a biological 
activity of the soluble HM1.24 antigen protein. The 
biological activity of the soluble HM1.24 antigen protein 

25 means the property that the protein is bound specifically 

to an anti-HM1.24 antibody, is not bound to the cell 
membrane, is liberated from the cell membrane and thus 
soluble, and is a dimer. 

An inventive soluble HM1.24 antigen protein may also 

30 be a soluble HM1.24 antigen protein which has the 

biological activity of a soluble HM1.24 antigen protein 
and has an amino acid sequence which has been modified by 
the substitution, deletion and/or addition of one or more 
amino acid residues in the amino acid sequence 

35 represented by SEQ ID No. 5. More typically, the 

inventive soluble HM1.2 4 antigen protein may have an 
amino acid sequence undergoing the substitution of 1 or 2 
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or more, preferably 1 to 24, more preferably 1 to 12 
amino acid residues in the amino acid sequence 
represented by SEQ ID NO. 5, as long as it has the 
biological activity of the soluble HM1.24 antigen 
5 protein. 

Alternatively, an amino acid sequence undergoing the 
deletion of 1 or 2 or more, preferably 1 to 42, more 
preferably 1 to 17 amino acid residues in the amino acid 
sequence represented by SEQ ID NO. 5 may also be 

10 contemplated. Alternatively, an amino acid sequence 

undergoing the addition of 1 or 2 or more, preferably 1 
to 50, more preferably 1 to 14 amino acid residues in the 
amino acid sequence represented by SEQ ID NO. 5 may also 
be contemplated. A soluble HM1.24 antigen protein 

15 employed in the invention may be modified by the 

substitution, deletion and/or addition of the amino acids 
described above which occur all at once. 

A soluble HM1. 24 antigen protein was proven to 
exhibit its biological activity when it possesses the 

20 amino acid sequence from Asn in the position 1 through 

Arg in the position 9 0 in the amino acid sequence 
represented by SEQ ID No. 5. Accordingly, the soluble 
HM1.24 antigen protein of the invention may be a soluble 
HM1.24 antigen protein having the amino acid sequence 

25 from Asn in the position 1 through Arg in the position 90 

in the amino acid sequence represented by SEQ ID No. 5, or 
the amino acid sequence which has been modified by the 
substitution, deletion and/or addition of one or more 
amino acids in the amino acid sequence from Asn in the 

30 position 1 through Arg in the position 90. 

A soluble HM1.24 antigen protein may be a soluble 
HM1.2 4 antigen protein having the amino acids from Arg in 
the position 90 through Gin in the position 132 in the 
amino acid sequence represented by SEQ ID No. 5 or an 

3 5 amino acid sequence which has been modified by the 

substitution, deletion and/or addition of one or more 
amino acid residues in this amino acid sequence, as long 
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as it retains its biological activity. 

A soluble HM1.24 antigen protein having an amino 
acid sequence which has been modified by the 
substitution , deletion and/or addition of one or more 
5 amino acid residues in the amino acid sequence 

represented by SEQ ID No. 5 may for example be a soluble 
HM1.24 antigen protein having the amino acid sequence 
represented by SEQ ID No. 7 or 17, 10 or 18 , or, 11 or 19. 
It is known that the biological activity of a 
10 certain amino acid is preserved in a protein which has 
been modified by the substitution, deletion and/or 
addition of one or more amino acid residues in said 
certain amino acid sequence (Mark, D.F. et al . , Proc . 
Natl. Acad. Sci. USA (1984), 81, 5662-5666, Zoller, M. J. 
15 & Smith, M . Nucleic Acids Research (1982) 10, 6487-6500, 

Wang, A. et al., Science 224, 1431-1433, Dalbadie- 
McFarland, G. et al., Proc. Natl. Acad. Sci. USA (1982), 
79, 6409-6413) . 

An inventive soluble HM1.24 antigen protein may vary 

2 0 in terms of the amino acid sequence, the molecular 

weight, the isoelectric point, the presence or absence of 
added saccharide chains or the positions of added 
saccharide chains if any, the structures of the 
saccharide chains, the phosphorylation state and/or the 
25 presence or absence of disulfide bonds, depending on the 
species from which it is derived, the host by which it is 
produced, and/or the purification method. Nevertheless, 
it may be a protein having any structure as long as it 
can be employed preferably in the invention. The species 

3 0 from which the protein is derived preferably is human. 

A DNA encoding an inventive soluble HM1.24 antigen 
protein may for example be a base sequence from the base 
adenine on the position 1 through the base guanine on the 
position 396 in the base sequence represented by SEQ ID 
35 No. 5. The DNA encoding an inventive soluble HM1.24 

antigen protein may be a DNA derived from any origin as 
long as it is a DNA having the base sequence represented 



by SEQ ID No . 5 . Such a DNA may for example be a genomic 
DNA, cDNA, synthetic DNA and the like. It may also be a 
DNA obtained from a cDNA library or genomic library 
derived from various cells, tissues or organs or species 
other than human, which may be a commercially available 
DNA library, A vector employed in such a library may be 
any vector including a plasmid, bacteriophage, YAC 
vector, and the like. 

A DNA encoding an inventive soluble HM1. 24 antigen 
protein may also be a DNA capable of hybridizing with the 
base sequence represented by SEQ ID No. 5 and also 
encoding a polypeptide having the biological activity of 
the soluble HM1.24 antigen protein. The condition under 
which the DNA encodes the soluble HM1.2 4 antigen protein 
may for example be a suitably stringent condition 
allowing the DNA to be hybridized. 

Such a hybridization condition may for example be a 
condition of a low stringency. The condition of a low 
stringency may be a washing condition involving 42 °C, 
5xSSC, 0.1% sodium dodecyl sulfate and 50% formamide. 
More preferably, a condition of a high stringency may be 
mentioned. The condition of a high stringency may for 
example be a washing condition involving 60 °C, 0.1 x SSC 
and 0.1% sodium dodecyl sulfate. It is known that a 
protein encoded by a DNA capable of hybridizing under a 
suitable condition with a base sequence encoding a 
certain protein has the biological activity similar to 
that possessed by this certain protein. 

Accordingly, an inventive soluble HM1.2 4 antigen 
protein includes a protein which is encoded by a "DNA 
capable of hybridizing" described above and which has the 
biological activity of the soluble HM1.24 antigen 
protein. 

The amino acid sequence of a human HM1.24 antigen 
protein expressed on a cellular membrane is represented 
by SEQ ID No. 15 or 23. An Escherichia coli containing 
the plasmid pRS38-pUC19 having between the Xbal cleavage 
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sites of a pUC vector a DNA encoding a human protein 
having the amino acid sequence represented by SEQ ID 
No. 15 or 23 was designated as Escherichia coli DH5a 
(pRS38-pUC19 ) , which was deposited internationally in 
5 compliance with the Budapest treaty under the deposition 
No. FERM BP-4434 dated October 5, 1993 , to National 
Institute of Bioscience and Human-Technology of Agency of 
Industrial Science and Technology (Higashi 1-1-3, 
Tsukuba, Ibaraki) . 

10 An inventive soluble HM1.24 antigen protein may also 

be a protein fused with other peptides or polypeptides as 
described above as long as it has the biological activity 
of the soluble HM1.24 antigen protein. The method for 
producing such a fusion protein may be any known method. 

15 Other peptides or polypeptides to be fused with the 

protein may be any peptide or polypeptide as long as it 
can be used effectively in the invention. 

Such a peptide may for example be a known peptide 
such as FLAG (Hopp, T.P. et al., BioTechnology (1988), 6, 

20 1204-1210), 6 x His consisting of 6 His (histidine) 

residues, 10 x His, Haemophilis influenza agglutinin 
( HA ) , human c-myc fragment, VSV-GP fragment, pl8HIV 
fragment, T7-tag, HSV-tag, E-tag, SV40T antigen fragment, 
lck tag, a-tubulin fragment, B-tag, Protein C fragment, 

2 5 and the like. 

As a polypeptide, those which can be exemplified are 
GST ( glutathion-S transferase), HA, immunoglobulin 
constant region, (3-galactosidase , MBP (maltose-binding 
protein), and the like. These may be any commercially 

30 available ones. 

A DNA encoding an inventive protein can be 
constructed by using a DNA mentioned above together with 
a commercially available kit or a known method. For 
example, the construction may involve the digestion with 

35 a restriction enzyme, the addition of a linker, the 

insertion of an initiation codon (ATG) and/or a 



- 13 - 



termination codon (ATT, TGA or TAG) and the like. 

An expression vector of a protein of the invention 
may be any expression vector as long as it is an 
expression vector, which is employed preferably in the 
5 invention. Such an expression vector may for example be 

an expression vector derived from a mammalian animal, for 
example, pEF and pCDM8 , an expression vector derived from 
an insect cell, for example pBacPAK8, an expression 
vector derived from a plant, for example, pMHl and pMH2, 
10 an expression vector derived from an animal virus, for 

example, pHSV and pMV, an expression vector derived from 
an yeast for example, pNVll, an expression vector derived 
) from Bacillus subtilis, for example, pPL603 and pKTHSO, 

an expression vector derived from Escherichia coli, for 
15 example, pGEX, pGEMEX , pMALp2 and the like. 

An inventive protein expression vector may be 
ligated for example with a soluble HM1.24 antigen 
protein-encoding DNA downstream of a promoter, which is 
then inserted into an expression vector, whereby 

2 0 accomplishing the production. The promoter /enhancer may 

for example be a promoter/enhancer derived from a 
mammalian animal, for example, EFl-cc promoter /enhance, y- 
actin promoter /enhancer , a promoter /enhancer derived from 
an insect virus, for example, cenocyte (polyhedrin) virus 
) 25 promoter /enhancer , a promoter/enhancer derived from a 
plant, for example tobacco mosaic virus 
promoter /enhancer , a promoter/enhancer derived from an 
animal virus, for example, SV40 promoter /enhancer and 
human CMV promoter /enhancer , a promoter /enhancer derived 

3 0 from a yeast, for example, alcohol dehydrogenase 

promoter/enhancer, a promoter/enhancer derived from 
Escherichia coli, for example, Lac promoter /enhancer , Trp 
promoter /enhancer , Tac promoter /enhancer , and the like. 
The expression of an inventive protein may involve 
35 the addition of a signal sequence suitable for a host 

employed for the expression. Such a signal sequence may 
for example be a signal sequence of a secretory protein 
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derived from a mammalian animal, for example, an 
immunoglobulin signal sequence. The secretory protein 
signal sequence may for example be a signal sequence of a 
secretory protein derived from Escherichia coli, for 
5 example, a periplasm secretory signal sequence such as 
OmpA. 

An expression vector thus prepared may be transduced 
into a host by a known method. The transduction method 
may for example be an electroporation , calcium phosphate 

10 method, liposome method, and the like. 

A protein employed in the invention can be obtained 
as a recombinant protein produced by a gene recombination 
technology described above. For example, the recombinant 
protein may produced in such a manner that the base 

15 sequence of a gene described here is cloned from a cell, 
tissue or organ expressing it and then integrated into a 
suitable vector, which is then transduced into a host 
cell where the production is effected. In the invention, 
such a recombinant protein can be employed. 

.2 0 Typically, from a cell, tissue or organ which 

expresses a protein employed in the invention, an mRNA 
encoding the respective gene is isolated. The isolation 
of the mRNA may be conducted by a known method such as a 
guanidine ultracentrif ugation (Chirgwin, J. M. et al . , 

25 Biochemistry (1979), 18, 5294-5299), an AGPC method 

(Chomozynski, P. and Sacch, N . , Anal. Biochem. (1987), 
162 (156-159), and the like to prepare a total RNA, from 
which the mRNA is prepared using an mRNA Purification Kit 
(Pharmacia) or equivalent. By using QuickPrep mRNA 

30 Purification Kit ( Pharmacia ) , mRNA can be directly 

prepared. 

The resultant mRNA is used together with a reverse 
transcriptase to synthesize a cDNA of the gene. The 
synthesis of the cDNA may be conducted also by using an 
35 AMV Reverse Transcriptase First-strand cDNA synthesis Kit 
(SEIKAGAKU KOGYO) or equivalent. It is also possible for 
synthesizing and amplifying a cDNA to employ a Marathon 
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cDNA Amplification kit (CLONTECH) and a 5 ' -RACE method 
involving a polymerase chain reaction (PCR) (Frohman, M. 
A. et al., Proc. Natl. Acad. Sci. USA (1988)85, 8998- 
9002; Belyavsky, A. et al., Nucleic Acid Res. (1989)17, 
5 2919-2932) . 

The resultant PCR is used to prepare an intended DNA 
fragment, which is then ligated with a vector DNA. Then 
this is used to prepare a recombinant vector, which is 
transduced for example into an Escherichia coli cell, the 

10 colonies of which are then selected to prepare a desired 
recombinant vector. The base sequence of the intended 
DNA is verified by a known method such as a 
dideoxynucleotide chain termination method. When the 
intended DNA is obtained, it is then integrated into an 

15 expression vector. More typically, a DNA constructed as 

described above can be expressed as described below, 
whereby obtaining the protein. 

When a mammalian cell is employed, a customary 
useful promoter /enhancer , a gene to be expressed and a 

2 0 DNA having a poly-A signal bound 3 ' -downstream thereof in 

a functional manner or a vector containing it are 
employed for the expression. For example, the 
promoter/enhancer may for example be a human 
cytomegalovirus immediate early promoter/enhancer. 

2 5 Other promoter /enhancers which can be employed for 

expressing a protein may be a viral promoter /enhancer 
derived from a retrovirus, polyoma virus, adenovirus, 
adeno-associated virus, simian virus 40 (SV40), and the 
like, and a mammalian cell-derived promoter /enhancer such 
30 as a human elongation factor la (HEFla). 

For example, it is convenient to use the method by 
Mulligan et al. (Nature (1979), 277, 108) when using an 
SV40 promoter /enhancer and the method by Mizushima et al. 
(Nucleic Acids Res. (1990), 18, 5322) when using an 

3 5 HEFla promoter /enhancer . 

When using an Escherichia coli cell, the expression 
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can be conducted using a customary useful promoter , a 
signal sequence for the secretion of the protein and the 
gene to be expressed which are bound in a functional 
manner. The promoter may for example be lacZ promoter, 
5 araB promoter and the like. The lacZ promoter may be 

used in accordance with the method by Ward et al. 
(Nature, (1098), 341, 544-546; FASEB J • (1992)6, 2422- 
24 27), while the araB promoter, may be used in accordance 
with the method by Better et al. (Science (1988) 240, 

10 1041-1043). 

A signal sequence for the protein secretion may be a 
pelB signal sequence (Lei, S. P. et al., J. Bacteriol. 
) (1987)169, 4379) when the production is conducted by the 

periplasm of an Escherichia coli cell. 

15 The replication origin may be one derived from SV40, 

polyoma virus, adenovirus, bovine papilloma virus (BPV), 
and the like. For the purpose of increasing the number 
of the gene copies in a host cell line, the expression 
vector may contain, as a selection marker, an 

2 0 aminoglycoside phosphotransferase (APH) gene, a thymidine 

kinase (TK) gene, an Escherichia coli xanthine guanine 
phosphoribosyl transferase (Ecogpt) gene, a dihydrofolic 
acid reductase (dhfr) gene, and the like. 

In the invention, any production system can be 
j 2 5 employed for producing a protein. The production system 

for producing the protein may be in vitro and in vivo 
production systems. As an in vitro production system, a 
production system using a eukaryote or a production 
system using a prokaryote. 

3 0 When using a eukaryote, the production systems 

employing an animal cell, plant cell, and fungal cell are 
contemplated. The animal cell may be (1) a mammalian 
cell, for example, CHO (J. Exp. Med. (1995) 108, 945), 
COS, myeloma, BHK (baby hamster kidney) Hela, Vero, (2) 
35 an amphibious cell, for example, Xenopus laevis oocyte 

(Valle, et al., Nature (1981) 291, 358-340), or (3) an 
insect cell, for example, sf9, sf21 and Tn5. The CHO 
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cell may preferably be a dhfr-CHO, which is a CHO cell 
having a DHFR gene defect (Proc. Natl* Acad. Sci. USA 
(1980) 77, 4216-4220) as well as a CHO K-l (Proc- Natl- 
Acad. Sci. USA (1968) 60, 1275). 
5 A plant cell may be a cell derived from Nicotiana 

tabacum, which may be subjected to a callus culture. A 
fungal cell may be an yeast such as Saccharomyces genus, 
including Saccharomyces cerevisiae, mold such as 
Aspergillus genus including Aspergillus niger. 

10 When a prokaryote is employed, a production system 

employing a bacterial cell may be contemplated. The 
bacterial cell may be the cells of Escherichia coli and 
Bacillus subtilis . 

Any of the cells listed above are transformed by an 

15 intended DNA, and the transformant is subjected to an in 

vitro culture, whereby obtaining the peptide. The 
culture may be in accordance with a known method. For 
example, a serum supplement such as a fetal calf serum 
(FCS) may be employed in combination, and a serum-free 

20 culture may also be mentioned. The pH during the culture 

is preferably about 6 to 8 . The culture is conducted 
usually at 30 to 40 °C for about 15 to 200 hours, if 
necessary with exchange of. the medium, aeration, and 
stirring. 

25 On the other hand, an in vivo production system may 

for example be a production system using an animal or a 
production system using a plant. Such an animal or plant 
is transduced with an intended DNA, and the protein is 
produced in the body of the animal or plant and 
3 0 subsequently recovered. 

When using an animal, production systems employing a 
mammalian animal and an insect are contemplated. 

The mammalian animal may be a goat, pig, sheep, 
mouse and cattle (Vicki Glaser, SPECTRUM Biotechnology 
35 Applications, 1993). When using a mammalian animal, a 

transgenic animal can be employed. 

For example, an intended DNA is inserted into the 
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intermediate position of a gene encoding a protein 
produced specifically in a milk such as a goat (3 casein, 
whereby preparing a fusion gene. A DNA fragment 
containing this fusion gene into which the DNA has been 
5 inserted is injected into an embryo of the goat, and this 

embryo is then introduced into a female goat. In order 
to increase the quantity of the milk containing the 
protein produced by a transgenic goat, a hormone may be 
employed in the transgenic goat as appropriate (Ebert, K. 

10 M. et al. f Bio/Technology (1994) 12, 699-702). 

As an insect, a silkworm may be mentioned. When 
using a silkworm, the silkworm is infected with a 
baculovirus to which an intended DNA has been inserted, 
and then a desired protein is obtained from the body 

15 fluid of this silkworm (Susumu, M. et al., Nature 

(1985)315, 592-594). 

When using a plant, a tobacco plant may be 
mentioned. When using a tobacco plant, an intended DNA 
is inserted into a plant expression vector, such as 

20 pMON530, and this vector is transduced into a bacterial 

cell such as an Agrobacterium tumefaciens cell. with 
this bacterial cell, a Nicotiana tabacum plant, for 
example, is infected, and then a desired protein is 
obtained from the leaves of this tobacco plant (Julian, 
) 25 K. -C. Ma et al . , Eur. J. Immunol. (1994) 24, 131-138). 

The method for transducing an expression vector into 
a host may be any known method, such as a calcium 
phosphate method (Virology (1973) 52, 456-467 or an 
electroporation method (EMBO J. (1982) 1, 841-845). Also 

30 in view of the codon use frequency of the host employed 

for the expression, a sequence giving a further higher 
expression efficiency can be designed (Grantham, R. et 
al., Nucleic Acids Research (1981) 9, r43-r74). 

Into such an animal or plant, a gene is transduced 

3 5 as described above to allow a protein to be produced in 

the body of the animal or plant, and then recovered. A 
protein which has been expressed and produced as 
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described above can be separated from the inside or 
outside of a cell or from a host, and then purified until 
uniform. The separation and the purification of a 
protein employed in the invention is not limited 
5 particularly, and may be any separation and purification 

method employed for ordinary proteins. 

For example, a chromatography column as an example 
of an affinity chromatography, filtration, 
ultrafiltration, salting out, dialysis, SDS 
10 polyacrylamide gel electrophoresis, isoelectric focusing, 

and the like may appropriately be selected or combined to 
perform the separation and the purification of a protein 
) (SHINSEIKAGAKU JIKKENKOZA (1990), TOKYO KAGAKU DOJIN). 

The chromatography may for example be an affinity 
15 chromatography, ion exchange chromatography, hydrophobic 
chromatography, gel filtration, reverse phase 
chromatography, adsorption chromatography and the like 
(Strategies for Protein Purification and 

Characterization: A Laboratory Course Manual. Ed. Daniel 
20 R. Marchak et al., Cold Spring Harbor Laboratory Press, 

19 96). Any of these chromatographies may be conducted by 

a liquid chromatography such as HPLC and FPLC. 

EXAMPLES 

The invention is further described in the following 
^ 25 Examples. 

Example 1. Effectiveness of stimulation of T cells by 
dendritic cell pulsed with HM1.24 

A leucapheresis fraction containing 3 x 10 8 
peripheral monocytes was incubated for 2 hours in an RPMI 
30 medium containing 10% FCS to effect cell adhesion, and 

non-adhering cells were removed, and the culture medium 
was exchanged with an X-vivo 20 medium containing 10% 
autoserum, GM-CSF and IL-4, whereby dendritic cells were 
established. The dendritic cell thus prepared was pulsed 
35 by adding HM1.24 protein, and then incubated with 300 
ng/ml of a CD40-ligand as a maturing agent, whereby 
accomplishing the maturation. Then, the dendritic cells 
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were collected, washed with HBSS, and resuspended in X- 
vivo medium containing 5% autoserum. Cells were then 
irradiated at the dose of 25Gy, cells were washed again, 
and resuspended at the density of 3 x 10 5 cells/ml. 
5 On the other hand, the frozen cells described above 

were thawed, washed, counted and resuspended in the 
medium containing IL-7 (10 ng/ml) and IL-12 (10 pg/ml) at 
the density of 3 x 10 6 cells/ml, and a 1 mL aliquot was 
added to each well together with 1 mL of the dendritic 

10 cells suspension. By replacing half of the medium, fresh 
IL-7 was added to the culture. The T cells were 
collected, counted, resuspended in a fresh medium at the 
density of 3 x 10 6 cells/ml, and added to a new 24-well 
plate containing fresh cytokines. 

15 Then, T cells were re-stimulated twice at the 

interval of 1 week using dendritic cells prepared as 
above. During the last 5 days of this culture, 
interleukin-2 (IL-2) and interleukin-15 (IL-15) were 
added . 

20 At the end of the culture, T cells were collected 

and examined for their ability of responding to an 
HM1 . 24— expressing stimulator cell (peripheral blood 
mononuclear cells loaded with HM1.24 and irradiated, and 
autologous tumour cells or plasma cells (PC)) by means of 

25 an ELlSpot assay. In this ELISpot assay, T cells, which 

secreted a cytokine ( IFN-y) (antigen-specific T cell) 
were enumerated by ELISA. T cells were also tested for 
responses to non-loaded autologous peripheral blood 
mononuclear cells as negative control stimulator cells. 

30 Control T cells raised against the . cytomegalovirus (CMV) 

antigen, pp6 5 were employed as negative control responder 
cells . 

The results are shown in Table 1. 
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Table 1 



Stimulator cell 
(target cell) 


Number of INF-y units per 10 5 T 
cells (mean ± SE, n=3) 


None 


86 ± 11 


Non- loaded PBMC 


106 ± 6 


HM1.2 4-loaded PBMC 


2341 ± 523 


CMV- loaded PBMC 


442 ± 95 


Autologous tumour cell 


1836 ± 111 



As evident from the table shown above, the T cell 
when challenged with the target loaded with the HM1.24 
5 produced a high level of the cytokine (INF-y), and this 

level was significantly higher when compared with the 
^ cytokine production response to the negative controls. 

The cytokine production in the presence of the control 
antigen CMV was extremely low, indicating that the T cell 
10 described above was specific to the HMl. 24. It was 

rather interesting that the T cell described above 
reacted markedly with the autologous tumour cell 
expressing the HM1.24. The results shown in Table 1 are 
indicated in Figure 1 in comparison with the results' of 
15 the similar procedure using a freshly isolated (naive) T 

cell (T cell which was not subjected to the treatment 
described in the first paragraph of Example 1). 

When tested in an ELISpot assay in 5 MM patients, 
HMl . 24-specif ic T cells responded to HM1.24 loaded PBMC 
) 2 0 and also to autologous plasma cells but not to control 

PBMC, and only minimally to allogeneic tumour cells. The 
results are shown in Fig. 2. 
Example 2 

We proceeded to test the cytolytic capability of 
25 these HMl. 24 specific T cells. Plasma cell targets were 

labeled with PKH26, incubated with effector T cells for 3 
hours at 37 °C, and TOPRO-3-iodide was added to stain the 
dead cells. Percent live/dead targets were then 
quantified by flow cytometry. 
30 Baseline target cell death ranged from 4-24% with a 

median of 9.8%. T cells raised against HMl. 24 
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demonstrated potent cytotoxic activity against autologous 
plasma cells (E:T ratio 20:1 median 63% specific killing, 
range 33-79%, E:T ratio 10:1 median 55%, range 21-75%, 
n=4 ) but not against allogeneic plasma cells (median 4% 
5 killing, range 0-9.7%). 

Control T cells generated from co-culture with non- 
protein pulsed DC demonstrated minimal cytotoxicity 
against either autologous (median 13.7% killing range 11- 
20, n=3) or allogeneic (5.0%, 11.0% killing) plasma 
10 cells. CTL activity against autologous plasma cells was 
inhibited by anti-Class I mAb (median 94% inhibition, 
range 82-100%) but not by anti-Class II mAb (0% 
inhibition). CTL killing of autologous plasma cells was 
also blocked by prior incubation of T cells with 
15 Concanamycin A (87%, 91% inhibition) but not by pre- 

incubation with Brefeldin (0% inhibition). 

Blocking Class I and II mAbs were used at 100 ^g/mL. 
Anti-Class I mAb: W6/32 clone, Serotec, UK 
Anti-Class II mAb: Bl.12 clone, Immunotech, France 
20 Concanamycin A (used at 100 nM) : Sigma Aldrich, UK 

Brefeldin A (used at 10 yM) : Sigma Aldrich, UK 
Results are shown in Figs. 3 to 11. Fig. 3 shows a 
process for carrying out flow cytometric-based 
cytotoxicity assays . 
2 5 Figs. 4 and 5 show cytotoxiic activity of CTL 

generated against HM1.24. Fig. 4 shows background cell 
death regarding the autologous PC and allogeneic PC. 
Fig. 5 shows specific killing by cytotoxic T lymphocytes 
. (CTL) generated against HM1.2 4 regarding the autologous 
30 PC and allogeneic PC. 

Figs. 6 and 7 show cytotoxic activity of control 
CTL. Fig. 6 shows background cell death regarding the 
autologous PC and allogeneic PC. Fig. 7 shows killing by 
control CTL regarding the autologous PC and allogeneic 
35 PC. 

Fig. 8 shows that cytotoxic activity of CTL against 
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autologous plasma cells is blocked by an anti-Class I 
antibody. The killing of autologous plasma cells by 
HM1.24 CTL (E:T ratio 10:1) is blocked by pre-incubation 
of target cells with an anti-Class I antibody, but not 
5 affected by an antibody against Class II. The background 
cell death in the presence of an anti-Class I antibody 
was 13%, and that in the presence of an anti-Class II 
antibody was 20%. 

Fig. 9 shows cytotoxicity of CTL generated by co- 

10 culture and re-stimulation with HM1.24 loaded DC. Data 
are mean of duplicate determinations. Specific killing 
is calculated after subtracting baseline cell death. For 
MHC studies, anti-Class I or II mAbs were pre-incubated 
with targets for 30 minutes. For experiments to test the 

15 mode of cytotoxicity, CTL were pre-incubated with 

Brefeldin A, or Con A for 2 hours. The patient (Stage II 
igG myeloma) was tested at the time of PBPC harvest, in 
PR after VAD chemotherapy. The patient (Stage II IgG 
myeloma) was tested at time of PBPC harvest, in PR after 

2 0 VAD . 

Fig. 10 shows CTL assay on T cells generated by co- 
culture and re-stimulation with HM1.24 loaded DC. Data 
and methods are the same as described for Fig. 9. The 
patient (Stage III Light Chain myeloma) was tested at the 

25 time of diagnosis, and MNCs used to generate DC were 

taken between courses of chemotherapy. 

Fig. 11 shows CTL assay on Patient 03, showing 
target specificity, effector specificity, Class I 
dependence and blockade with Concanamycin A. Methods 

30 used are the same as described for Fig. 9. Control T 

cells are T cells harvested from co-cultures with non- 
protein loaded DC and serve as negative control CTL. All 
other results displayed refer to cytotoxicity of HM1.24 
specific T cells. Data are as for Figs. 9 and 10. The 

35 patient has Stage III IgG myeloma, chemoresistant . T 

cells were obtained prior to high dose melphalan. 
Example 3 
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Finally, the lysis of autologous plasma cells by 
HM1.24 specific CTL was blocked in the presence of 
competitive "cold" targets, which were autologous DC 
transfected with cDNA encoding HM1.24 (43.8% inhibition 
5 when "cold" targets were present at a 3:1 ratio, 93.4% 

inhibition at a 10:1 ratio). Blocking of plasma cell 
lysis was not observed when unmanipulated DC were present 
in the cytotoxicity assay. HM1.24 primed T cells 
comprised 66±8% CD3+CD8+ T cells, with the remainder 
10 being CD3+CD4+ cells. 

Transfection of DC with plasmid DNA containing HM1.2 4 
Plasmid DNA was isolated using Megaprep and 
) quantified by spectrophotometry. The transfection 

mixture was made up using serum free medium (X-vivo 10, 
15 Life Technologies, UK) with FuGENE 6 transfection reagent 
(Roche Diagnostics Corporation, USA) and plasmid DNA. 
The FuGENE reagent was used at 6 jxL to 2 fxg of DNA, in a 
total volume of 10 0 piL, and the mixture was allowed to 
stand at room temperature for up to 2 hours before adding 
20 to DC in serum free medium. After 6 hours incubation, 

serum and fresh cytokines were added to the DC cultures. 
DC were analysed for expression of HM1.24 at 48 hours 
after transfection. 

Ohtomo T. Biochem Biophys Res Commun. 199 9 May 19; 
^ 25 258 ( 3 ): 583-91 . Molecular cloning and characterization of 

a surface antigen preferentially overexpressed on 
multiple myeloma cells. 

Results are shown in Figs. 12 to 14. Fig. 12 shows 
that autologous DC transfected with HM1.24 plasmid 
30 express high levels of HM1.24 antigen. The autologous DC 

transfected on day 4 with Fugene under serum free 
conditions were used on day 6 in the CTL assay at a 10:1 
ratio with autologous plasma cells. 

Fig. 13 shows the CTL assay on patient 04, showing 
35 effector specificity, target specificity, and HM1.24 

specificity. Methods are as for Figs. 9 to 12. Last 3 
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bars refer to experiments where autologous DC transected 
with cDNA encoding for HM1.2 4 (HM1.2 4-DC) are incubated 
in the CTL assay as "cold" competitor cells. Ratios of 
"cold" competitors to target PC are indicated. Control 
5 DC are unmanipulated autologous DC. The patient has IgG 
and IgA secreting myeloma and amyloidosis; patient is 
chemo-resistant, tested after failed AVD chemotherapy. 

Fig. 14 shows the CTL assay on patient 05 showing 
MHC Class I dependence and HM1.2 4 specificity. Methods 

10 are as for Figs. 9 to 13. "Cold" competitor cells were 
present at 10:1 ratio with autologous PC. Patients 
(Stage III IgG myeloma) were tested at diagnosis. T 
) cells were obtained prior to treatment, DC for re- 

stimulation were obtained between courses of Melphalan. 

15 Reference Example 1. Construction of express ion olasmid 
for soluble human HM1.24 antigen 

An HEF expression vector (W092-1975) containing EF1 
a promoter which was prepared by means of the digestion 
by EcoRI (TAKARA) and Not I (TAKARA) and a gene pair 

20 encoding an Ig leader sequence and an HA tag (Amersham 

Pharmacia) were ligated by the reaction at 16 °C for 3 
hours in a reaction mixture containing 50 mmol/L Tris- 
HC1, pH 716, 10 mM MgCl 2 , 10 mmol/L dithiothreitol , 1 
mmol/L ATP, 50 mg/ml polyethylene glycol and 10 units of 
) 25 T4 DNA ligase (TOYOBO) . 

The inserted leader sequence- and HA tag-encoding 
genes were the synthetic gene pair represented by SEQ ID 
Nos. 1 and 2 in which EcoRI, Kpnl (TAKARA), and NotI 
restriction enzyme recognition sites were attached as 

3 0 linkers. Subsequently, the ligation reaction mixture was 

added to an E.coli DH5a competent cell (GIBCO-BRL) and 
the mixture was allowed to stand for 30 minutes on ice, 1 
minute at 42 °C, and 1 minute again on ice. 

Then, 400 \xl of an SOC medium (Molecular Cloning: A 

3 5 Laboratory Manual, Sambrook et al., Cold Spring Harbor 

Laboratory Press, (1989)) was added, and the mixture was 
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incubated for 1 hour at 37 °C, and then the E.coli was 
inoculated on an LB agar medium containing 50 jxg/ml 
ampicillin (Molecular Cloning: A Laboratory Manual, 
Sambrook et al., Cold Spring Harbor Laboratory Press, 
5 (1989)), and incubated overnight at 37°C, thereby 

obtaining an E.coli transf ormant . 

This E.coli transf ormant was cultured overnight at 
37°C in an LD medium containing 50 \xg/ml ampicillin, and 
from this culture a plasmid DNA was prepared by an alkali 

10 method (Molecular Cloning: A Laboratory Manual, Sambrook 

et al., Cold Spring Harbor Laboratory Press, (1989)). 
j On the other hand, the HM1.24 antigen extracellular 

region gene was amplified by a PCR method using Thermal 
Cycler (Perkin Elmer Cetus). The cDNA of the HM1.24 

15 antigen (SEQ ID No. 15) was used as a template and the 

mixture containing 100 pmol of the primers represented by 
SEQ ID Nos. 3 and 4, 10 mmol/L Tris-HCl, 50 mmol/L KCl, 
0.1 mmol/L dNTPs (dATP, dGTP, dCTP, dTTP), 1.5 mmol/L 
MgCl 2 and 5 units of a DNA polymerase Ampli Taq (Perkin 

20 Elmer Cetus) was degenerated first at 94 °C, subjected to 

30 cycles each of which consisted of 1 minute at 94 °C, 1 
minute at 55°C, and 1 minute at 72°C, followed by final 
incubation for 10 minutes at 72 °C. 

The PCR product thus obtained was employed as an 
j 25 HM1.24 antigen extracellular region (SEQ ID No. 5) gene, 

which was ligated to the plasmid DNA described above 
which had been digested by Kpnl and BamHI by the reaction 
for 3 hours at 16 °C in a reaction mixture containing 50 
mmol/L Tris-HCl, pH 7.6, 10 mmol/L MgCl 2 , 10 mM 

30 dithiothreitol and 1 unit of a T4 DNA ligase (TOYOBO). 

Similarly to the procedure described above, the ligation 
mixture was added to an E.coli DH5a competent cell to 
obtain an E.coli transf ormant , from which a plasmid DNA 
was prepared. The resultant plasmid DNA was designated 

35 as psHM which is an HA tag-carrying soluble antigen 

expression plasmid. 
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Using the primers represented by SEQ ID Nos . 3 and 
6,, an HM1.24 antigen extracellular region (SEQ ID No. 7)- 
expressing plasmid, namely, psHM164 in which the C 
terminal was also deleted was prepared similarly. 
5 Nucleotide sequence determination 

The bases of the psHM and the psHM164 were sequenced 
using an automatic DNA sequencer (Applied Biosystem Inc.) 
and a Taq Dye terminator Cycle Sequencing kit (Applied 
Biosystem Inc.) in accordance with the manufacturer's 

10 instruction protocol. The primers represented by SEQ ID 

Nos. 8 and 9 (Sawady Technology) were employed. As a 
result, the structure was revealed to allow a fusion 
protein of the soluble antigen ligated to the HA tag 
peptide (SEQ ID Nos. 10 and 11) to be expressed. 

15 Reference Example 2. Establishme nt of soluble human 

HM1.24 antigen high expression cell 
(1) Transfection of CHO cell 

In order to establish an HA tag-carrying soluble 
HM1.24 antigen stable production system, the expression 

2 0 vectors described above which had been linearized by the 
digestion with Pvul ( GIBO-BRL ) (psHM and psHM164) were 
transduced into a CHO cell strain DXBll (contributed by 
Medical Research Center) by means of an electroporation . 
1 fig of the vector was added to a 0 . 8 ml aliquot of 1.1 x 
) 25 10 7 cells/ml in PBS (-), and pulsed at 1.5 kv with the 

capacitance of 25 (xF using a Gene Pulser device (Bio- 
Rad) . 

After the recovery period at room temperature for 10 
minutes, the electroporated cell was suspended in 100 ml 

30 of an a-MEM ( nucleoside-f ree ) selection medium (GIBCO- 
BRL) containing. 10% FCS (GIBCO-BRL) and 1% penicillin- 
streptomycin ( GIBCO-BRL ) , and inoculated into a flat 
bottom 96-well plate in the volume of 100 jxl/well (1 x 
10 4 cells/well). After culturing overnight in an 

35 incubator at 37°C under 5% CO 2 , 100 ^il/well of the 
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selection medium was further added to effect the 
selection. On the 14th day, the cell was assayed by a 
sandwich ELISA (see the section of strain selection) and 
24 clones exhibiting a high expression of HA-sHM or HA- 
5 sHM164 were selected and propagated in a 24-well plate 

(1 ml/well). The clones selected in the nucleic acid- 
free medium were verified for their stable proliferation 
and then assayed again to select 10 clones each. 
(2) Strain selection 

10 The soluble human HM1.24 ELISA described below was 

conducted as follows. In order to select a highly 
productive strain, the amount of the soluble protein 
produced was compared by a sandwich ELISA using anti-HA 
antibody (Boehringer Mannheim) and a humanized anti- 

15 HM1.24 antibody (K. Ono et al., The 20th Japan Molecular 

Biology Annual Meeting, General Lecture 3-501-P-478 ) , 
whereby selecting the strain. Since the antigen 
concentration was not known because a purified antigen 
was not obtained, the number of the cells upon the ELISA 

2 0 was taken into account when comparing the concentration. 

In this Example, as a reconstructed human anti- 
HM1.24 antibody (humanized anti-HMl.24 antibody), a light 
chain version a and a heavy chain version s described in 
WO98/14580 were employed. An E.coli cell having a 

25 plasmid containing, the light chain version a was 

deposited internationally in compliance with the Budapest 
treaty under the deposition number FERM BP-5645 as 
Escherichia coli DH5a (pUCl9-RVLa-AHM-gK) on August 29, 
1997 at the National Institute of Bioscience and Human- 

30 Technology of Agency of Industrial Science and 

Technology. On the other hand, an E.coli cell having a 
plasmid containing the heavy chain version s of the 
humanized anti-HM1.24 antibody was deposited 
internationally in compliance with the Budapest treaty 

35 under the deposition number FERM BP-6127 as Escherichia 

coli DH5a (pUC19-RVHs-AHM-gyl) on September 29, 1997 at 
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the National Institute of Bioscience and Human-Technology 
of Agency of Industrial Science and Technology. 

An anti-HA antibody (Boehringer Mannheim) was 
adjusted at 1 pig/ml in a Coating Buffer (C.B.: 0.1 mol/L 
5 sodium bicarbonate buffer, pH 9.6, 0.2% sodium azide) was 

added to a plane bottom 96-well plate (Nunc) in the 
volume of 100 [xl/well, and coated overnight at 4°C. 

To the anti-HA antibody coating plate washed three 
times with a PBS (-) containing 0.05% Tween 20 in the 

10 volume of 300 (xl/well, 200 [xl/well of a dilution buffer 

(50 mmol/L Tris-HCl, pH 8.1, 1 mmol/L MgCl 2/ 0.15 mol/L 
) NaCl, 0.05% Tween 20, 0.02% sodium azide, 1% BSA) was 

added and blocked for 2 hours at room temperature. After 
discarding the dilution buffer, 100 jxl/well of the 

15 culture supernatant of a CHO cell as it was or diluted 
appropriately with the dilution buffer was added and 
reacted for 2 hours at room temperature. 

As a positive control, a CGM/sHM (K. Ozaki et al., 
The 60th Japan Hematology Meeting, General Lecture 690) 

20 was employed. Then, 100 ^1/well of a 1 pig/ml solution of 

a humanized anti-HM1.24 antibody (K. Ono et al., The 20th 
Japan Molecular Biology Annual Meeting, General Lecture 
3-501-P-478 ) in the dilution buffer was added and reacted 
) for 1 hour at room temperature. After washing similarly, 

25 100 ^1/well of a 5000-fold diluted alkaline phbsphatase- 

labeled sheep anti-human IgG antibody (BIOSOURCE) in the 
dilution buffer was added, and reacted for 1 hour at room 
temperature. 

Finally, the plate was washed five times, and 

30 received 100 jxl/well of a 1 mg/ml solution of a SIGMA 104 

(disodium p-nitrophenyl phosphate hexahydrate: SIGMA) in 
a substrate buffer (S.B.: 0.05 mol/L sodium bicarbonate 
buffer, pH 9.8, 10 mmol/L MgCl 2 ) to develop a color, and 
the absorbance at 405 nm to 655 nm was measured using a 

35 MICROPLATE READER (BIO-RAD). 
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A. Gene amplification by 10 nmol/L MTX 

Each of the 10 strains of DXB11 cells transduced 
with the expression vectors of a soluble HM1.24 antigen 
having the defect of the HM1.2 4 antigen transmembrane 
5 region (sHM) and SHM164 having the defect of the C 

terminal of the sHM each carrying an HA tag (sHM- 
producing strains: 1-1, 8-2, 9-3, 11-4, 14-5, -16, -17, - 
22, -23, -24, sHM164-producing strains: 164-1, -2, -3, - 
5 f -6, -7, -8, -10, -13, -16) were cultured in 25 cm 2 

10 flasks containing a 10 nmol/L methotrexate ( MTX ) - 

containing medium (a-MEM (GIBCO-BRL), 10% FCS (GIBCO- 
BRL, 1% penicillin-streptomycin (GIBCO-BRL), 100 nmol/L 
MTX (SIGMA)). 

After 8 days, the antigen production level in the 

15 culture supernatant (3-day culture) was measured by 

ELISA . The sHM-producing strain 11-4 and the SHM164- 
producing strains 164-2 and 164-13 which exhibited a high 
expression level and a sufficient cell growth were 
subjected to gene amplification using 100 nmol/L MTX (see 

20 section B described below) . The remainder of the strains 

was further cultured in a 10 nmol/L MTX medium since they 
had not been adapted to 10 nmol/L MTX yet. 

After 11 days, the antigen production level in the 
culture supernatant (3-day culture) was measured by 
) 25 ELISA, and the sHM-producing strains 8-2, 9-3, 14-16 and 

14-24 and the sHM164-producing strains 164-1, 164-5 and 
164-8 which exhibited a high expression level were also 
subjected to gene amplification using 100 nmol/L MTX (see 
section B described below). The 164-13, which exhibited 

3 0 the highest production level at this time point exhibited 

the antigen production level about 10 times that of 
CGM/sHM (K. Ozaki et al., The 60th Japan Hematology 
Meeting, General Lecture 690). 

B. Gene amplification bv 100 nm ol/L MTX 

35 Each of the 5 strains of the sHM-producing strains 

and the sHM164-producing strains which had exhibited high 
antigen production levels in the 10 nmol/L MTX medium 
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(sHM-producing strains: 8-2, 9-3, 11-4, 14-16 and 14-24 
and sHM164-producing strains: 164-1, 164-2, 164-5, 164-8 
and 164-13) were subjected to gene amplification using 
100 nmol/L MTX . 

5 In the order of the adaptation to the 10 nmol/L MTX 

medium, the strains were subcultured into 25 cm 2 flasks 
in 1/15- , 1/10- or 1/5-volume depending on the number of 
the cells. After culturing for a day in the 10 nmol/L 
MTX medium, the medium was replaced with a 100 nmol/L MTX 

10 medium (CC-MEM (GIBCO-BRL), 10% FCS (GIBCO-BRL), 1% 

penicillin-streptomycin (GIBCO-BRL), 100 nmol/L MTX 
(SIGMA)), and thereafter the culture was conducted in the 
100 nmol/L MTX. The antigen production levels in the 
culture supernatant (2-day culture) of the sHM-producing 

15 strains 11-4 and the sHM164-producing strains 164-2 and 

164-13 after 19 days and those of the sHM-producing 
strains 8-2, 9-3, 14-16 and 14-24 and the sHM164- 
producing strains 164-1, 164-5 and 164-8 after 8 days 
were measured by ELISA. 

20 Each of the sHM-producing strain 8-2 and the SHM164- 

producing strains 164-2 and 164-13, which exhibited or 
were expected to exhibit a further high production level, 
continued to be cultured in the 100 nmol/L MTX medium, 
and examined again after 15 days for the antigen 
) 25 production level in the culture supernatant (3-day 

culture) by ELISA. Initially, the strain 164-2, which 
had exhibited the highest production, exhibited the 
antigen production level 5 times or more that of the 
CGM/sHM (K. Ozaki et al., The 60th Japan Hematology 

30 Meeting, General Lecture 690). After repetitive 

subcultures, however, the strain 164-2 which had 
exhibited the highest production exhibited the antigen 
production level slightly lower than that of CGM/sHM, 
showing the tendency of a reduction in the production 

35 level. Accordingly, it was decided to conduct a single 

cloning by a limiting dilution method. 
C. Single cloning bv limiting dilu tion method 



The sHM-producing strain 8-2 and the SHM164- 
producing strains 164-2 and 164-13 were subjected to a 
single cloning by a limiting dilution method. 

Each of the strains 8-2, 164-2 and 164-13 was 
adjusted at 1.7 cell/ml with the 100 nmol/L MTX medium, 
and dispensed in the volume of 150 jxl/well (0.25 
cells/well) into each of three 96-well plates. After 
culturing for 13 days, the culture supernatants (4-day 
culture) of the wells exhibiting the colony formation (8- 
2: 13 wells, 164-2: 36 wells, 164-13: 23 wells) were 
examined for the antigen production levels by ELISA. 

From the wells exhibiting high production levels (8- 
2: 6 wells, 164-2: 15 wells, 164-13: 9 wells), the cells 
were subcultured into 24-well plates. Two plates, one 
for the subculture and the other for the measurement, 
were provided, and the medium in the plate for the 
measurement was replaced upon confluence, followed by 
culture for 3 days, after which the antigen production 
level in the culture supernatant was measured by ELISA. 

From the strain 164-2 obtained from the 96-well 
plate, four strains (164-2-1, 164-2-13, 164-2-17 and 164- 
2-31) which exhibited the production levels about 100 
times that from the CGM/sHM (K.Ozaki et al., The 60th 
japan Hematology Meeting, General Lecture 690) were 
obtained finally. 
D. Western blotting 

Each of the strains 164-2-1, 164-2-13, 164-2-17 and 
164-2-31 was placed in 25 cm 2 flasks in 5 ml medium and 
the culture supernatant after 1, 3 or 5-day culture was 
subjected to a western blotting. 

5 of the culture supernatant was made up to 10 ^il 
in total using PBS(-), which was combined with an equal 
volume of an SDS-sample buffer solution (TEFCO, reduced). 
The mixture was heated at 100 °C for 5 minutes, and then 
an SDS-PAGE (18 mA, 1.5 hours) was performed. In this 
step, the gel employed was a mini-slab of 12.5% 



- 33 - 



separation gel and 4.5% stack gel prepared by Laemi ' s 
method (Current Protocols in Molecular Biology 10.2.6- 
10.2.6). After running, the gel was transblotted (10 V, 
30 minutes) onto a PVDF membrane (Millipore). The 
5 membrane was shaken in a 5% FBS-containing Tris buffer 
(TBS, TAKARA) at 25 °C for 1 hour, whereby effecting a 
blocking. 

After rinsing with 0.05% Tween-containing TBS (TBS- 
T), a 50 ng/ml mouse anti-HM1.24 antibody (Blood (1994) 

10 84, 1922-1930) was added, and the mixture was reacted 

with shaking at 25°C for 2 hours. The buffer solution 
^ was exchanged 6 times at an interval of 10 minutes with 

shaking at room temperature while adding the TBS-T, 
whereby washing the membrane. Subsequently, a secondary 

15 antibody which was an alkaline phosphatase-labeled goat 

anti-mouse IgG (Zymed) after 2000-fold dilution with TBS- 
T was reacted similarly at 25 °C for 30 minutes with 
shaking. 

After the reaction, TBS-T was added and the mixture 
20 was shaken at 25 °C for 10 minutes 6 times repetitively to 
wash the membrane. This membrane was subjected to color 
development using a BCIP/NBT color development substrate 
by immersing it in a western detection buffer (0.1 mol/L 
Tris-HCl buffer solution containing 0.1 mol/L NaCl, 5 
) 2 5 mmol/L MgCl 2 , pH 9.5) supplemented with 33 [iL of 

nitroblue-tetrazolium (NBT) and 16.5 \xl> of 5-bromo-4- 
chloro-3-indolyl phosphate (BCIP). 

After developing to an extent which caused no 
increase in the background, the membrane was washed with 
30 distilled water and the HM1.24 antigen was detected. All 
of the four clones (164-2-1, 164-2-13, 164-2-17, and 164- 
2-31) were in a reduced state, and the soluble antigen 
was detected as a broad band of 23-28 kDa which may 
reflect the heterogeniety due to the saccharide chain 
35 modification. Nevertheless, heterobands derived from the 
HM antigen protein were noted around 18 kDa and 14 kDa, 
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and they were removed chromatographically to obtain the 
soluble antigen. 

Reference Example 3. Purification of soluble hum an HM1.24 
antigen 

5 From the culture supernatant of the soluble human 

HM1.24 antigen-expressing CHO cell, a soluble human 
HM1.24 antigen was purified. The soluble human HM1.24 
antigen-expressing CHO cell was cultured at 37 °C in the 
presence of 5% C0 2 in a culture medium [a-MEM (GIBCO-BRL) 

10 containing 10% FBS (MORE GATE ) , 1% penicillin-streptomycin 
(GIBCO-BRL), and 500 nmol/L MTX (SIGMA)]. About 2 L of 
the culture supernatant was recovered by centrif ugation . 

A humanized anti-HMl.24 antibody conjugate affinity 
column (a CNBr-activated Sepharose 4FF conjugated with 

15 about 300 mg of the humanized anti-HMl.24 antibody) was 

loaded with the culture supernatant, washed with PBS 
(obtained by 10-fold dilution of 10XPBS; N AC ALA I ) and 
then eluted with a 0.2 mol/L glycine buffer (pH 2.48). 
The resultant fraction was subjected to a reverse phase 

2 0 chromatography on a VyDac C4 column eluting with a 

gradient of acetonitrile to give a crude product. 

The crude product was re-chromatographed twice using 
the similar reverse phase chromatography for the 
purification. The resultant purified product was 
25 subjected to a 5-fold dilution with PBS, and subjected to 

the buffer exchange to PBS using a Fast Desalting HR10/10 
column. On the basis of the absorbance at 280 nm, the 
concentration of the resultant human HM1.24 antigen was 
calculated to be about 0.382 mg/ml, and 42 ml in total of 

3 0 the purified product was obtained. The purity on the 

basis of the area ratio of the reverse phase 
chromatography was 95% or higher. 
Industrial Applicability 

As evident from the data shown above, T cells 
3 5 derived from patients with multiple myeloma responded in 

an antigen-specific manner to an HM1 . 24-expressing target 
cell after stimulation with HMl . 24-expressing dendritic 
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cells. These T cells demonstrated cytokine production 
and a cytotoxic response to HM1.24 expressing targets, 
including autologous tumour cells. Accordingly, a HM1.24 
protein or peptide is immunogenic in a system based on 
5 the dendritic cell and capable of inducing a T cell- 
mediated response, and this response is antigen-specific 
and exerted toward the target cell. 

Accordingly, a dendritic cell pulsed with an HM1.24 
protein or peptide or transduced with an HM1 . 24-encoding 
10 gene, the HM1.24 protein or peptide itself, and an HM1.24 
protein- or peptide-encoding DNA or RNA may be useful as 
a cancer vaccine. 
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